bacillus, and a study of the manner in which the peculiar effects are brought about. In the course of the investigation it was found necessary to resort to the use of some other poisons, e.g., corrosive sublimate and ricin, in order to bring out certain facts which the use of dysentery toxin had failed to establish, or to establish, beyond doubt, certain deductions drawn from the experiments with the dysentery toxin. The results of this experimental study are presented here because of their bearing upon the pathogenesis of colitis in man.
Two main groups of dysentery bacilli are now recognized: the "Shiga" and the "Flexner" groups. The first agree with the bacillus first isolated by Shiga from cases of Japanese dysentery ; the second isolated by one of us (Flexner) from cases of Philippine dysentery. The two groups possess in common the capacity to set up dysentery in man. No profound distinction in this power can be drawn between the bacilli. The disease which they cause appears in sporadic, endemic, and epidemic forms. In the case of young children it would appear, from our present knowledge, that the Flexner type of dysentery bacillus causes much more frequently than the Shiga type certain varieties of ileo-colitis. The cultural distinctions between the two groups are considerable: the Shiga type of bacilli has a restricted power to ferment the sugars, while the Flexner type has a rather wide capacity of fermentation. The two groups are also separated by their agglutination reactions:they are less widely separated in respect to their reactions to immune sera. On the other hand, they are sharply separated by their capacity to yield, in fluid cultures, soluble toxins. The Shiga type of bacillus readily produces a soluble toxin, the Flexner variety either not at all or in minimal quantities. Shiga bacilli grown on solid culture media, killed at 60 ° C. or with chloroform, still yield, when suspended in water or salt solution, a toxin which goes over into the fluid. The Shiga bacilli easily undergo autolysis through which the toxin is liberated. The Flexner bacilli do not yield by autolysis, any more than in fluid culture, a toxic body to a surrounding fluid medium.
As tested on certain small laboratory animals--young guinea-There are considerable variations of susceptibility to the dysentery toxin among the rabbits. A part only of the rabbits which succumb to the toxin develop the nervous and large intestinal lesions. A given lot of toxin will cause in certain rabbits the nervous and intestinal lesions, and in still other rabbits transitory illness from which they recover, or death without visible lesions. Neither does there appear to be a marked relation between dosage and lesions, or even death. Of a given toxin o.or cubic centimeter may be fatal to one series of rabbits while another series may survive o. i cubic centimeter of the same poison, the weights of the rabbits having been about equal. Larger doses usually kill, but the period of survival varies considerably. The symptoms which follow the inoculations are diarrhoea, and paralysis and convulsions. The diarrhoea is sometimes bloody. The paralysis begins in the upper extremities and extends, at times, to the lower extremities. It may be incomplete. The animals may survive for days after the extremities are paralyzed. They lie on the side with the head drawn back, and in opisthotonic position. The convulsions are irregularly intermittent, and may be excited by disturbance of the animal. Towards the end of life the paralysis of the extremities becomes more marked. In general appearance these animals resemble rabbits in the paralytic stage of rabies. Although rabbits may survive many days after the onset of the paralytic symptoms, which may themselves be several days in developing, yet in some instances the symptoms of paralysis may appear within twenty-four hours and the animals survive this appearance only a few hours. Speaking generally the larger doses of toxin --o. 5 to i cubic centimeter--produce marked symptoms and cause death earlier than the smaller doses.
The dysentery toxin which we are considering was first obtained by Conradi, whose results were briefly mentioned by v. Drigalski~ and later were fully described by himself. 2 The method employed by Conradi consisted of aseptic autolysis of the cultures. Of his preparations o. z cubic centimeter was fatal, the symptoms preceding death being diarrhoea, collapse, and paralysis.
In four rabbits which survived longer than 48 hours Conradi noted the appearance of diphtheritic inflammation of the intestine with which ulceration was associated. Neisser and Shiga s confirmed Conradi's findings except that they noticed chiefly the lesions of the small intestine in the poisoned rabbits. The number of authors who have prepared and studied the action of the dysentery toxin is now considerable. Vaillard and Dopter4 found that when the rabbits succumbed to small doses in from i8 to 24 hours they exhibited the lesions of the small gut, and when larger doses were administered subcutaneously the lesions of the large intestine appeared. Rosenthal s and Todd 6 studied toxins obtained by growing the dysentery bacillus in bouillon for several weeks ; up to six weeks the filtered cultures gave rise in rabbits to the intestinal and other lesions. Todd does not seem to have met with the inflammations of the large intestine. Kraus and D6rr7 worked with filtrates of ten-day-old bouillon cultures and with saline extracts of fresh cultures of the dysentery bacilli. Both were toxic. In their opinion no autolysis is required since the living bacilli yield the toxin by extract tion. They do not mention whether the characteristic symptoms and pathological changes occurred in their experiments. Lfidkes applied the method of Rowland and Macfadyean, namely grinding the bacilli under liquid air, which operation was followed by extraction with salt solution, to the preparation of a toxin. The product was fatal to rabbits, causing, however, chiefly the lesions of the small gut and only inconsiderable and rare lesions of the large intestine. Lfidke regards the poison as of the nature of endo-toxin, and he failed to obtain a true toxin by growing the bacilli of dysentery in various media. The exudate which is found in guinea-pigs after intraperitoneal injections of dysentery bacilli is, when free of all cells, still toxic. Kikuchi, 9 who described the symptoms produced by this substance, mentions paralysis but not lesions of the intestine.
There is no doubt that all who have studied the dysentery toxin were dealing with the same substance, and the differences in effect met with depend largely upon dosage and the variable re3Neisser und Shiga. , iv. f. H~g., i9o 5, lii 378 action of the rabbit to the injections. These animals succumb chiefly to the nervous poison (neurotoxin) which produces in the brain visible small heemorrhages and in the spinal cord softening of the gray matter with and without visible hmmorrhages. The upper segment of the cord tends chiefly to be affected. The small intestinal catarrh is almost constantly met with, and the congestion of the blood-vessels beneath the serosa in the large bowel probably indicates that this portion of the intestine is also commonly affected by the slighter lesions. The discrepancies in the literature as regards the nervous and intestinal symptoms and lesions probably depend upon the different manner of their manifestations and the ease with which the former are detected. The absence of intestinal lesions in Kikuchi's experiments, does not depend upon a fundamental difference of action of the exudate and the autolysed poison, for in some of our experiments in which an exudate from the guinea-pig was employed, the intestinal lesions were obtained. Dysentery toxin is a stable substance as it retains its activity in sterile solution under toluol for many weeks, and resists the growth, as we found, of the common moulds. The slighter toxicity of old bouillon cultures would indicate that under certain conditions the toxin tends to depreciate in strength.
Arch
There is general agreement among those who have given special attention to the subject that the Flexner type of dysentery bacillus does not yield a soluble toxin. The only dissenting experience is that of Vaillard and Dopter to who claim to have obtained identical results with all types of the dysentery bacillus. Since it is not expressly stated that a mannite-fermenting dysentery bacillus was employed it is safe to assume that one of this group was not among the types studied by them.
For preparing the dysentery toxin we used a culture of the Shiga bacillus which had been passed through a series of guineapigs to maintain its virulence. The fatal dose for a guinea-pig of 2oo to 250 grams was one oese, death taking place in less than twenty-four hours. The cultivations were made upon agar on large fiat surfaces, upon which the bacilli grew for twenty-four hours. The growth was washed into sterile water or o. 85 per
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cent. salt solution, the organisms killed by exposure to 6o ° C. for one hour, and the suspension kept at 37 ° C. for varying periods. The toxic solution was obtained by filtration through a Berkefeld filter. The filtrate was preserved in the ice-box under toluol.
The injections were made intravenously in rabbits. Although aside from our main theme, which was to ascertain the manner in which the intestinal lesions in rabbits were produced, a series of experiments on the comparative toxicity of living, dead, and autolysed cultures was made. Our results do not uphold Kraus and D6rr who state that an active toxin can be obtained without autolysis, and they indicate, further, that the separated toxin is more effective than the same quantity of poison contained within the living or the dead bacilli. 
Series
No. Since Conradi believed that the toxin may be weakened by allowing the autolysis to continue longer than forty-eight hours, an experiment was made to determine this point. As Table II shows the toxin is still effective after a period of autolysis extending to twenty-seven days.
The preceding series of experiments serve also to confirm the statement already made, namely, that individual peculiarities play an important part in determining susceptibility to the poison. Of several rabbits the larger may succumb and the smaller escape, or those receiving the smaller doses may die and those a larger dose survive. But where very large doses, from two to five cubic centimeters, are injected, the animals much more rarely survive; and under these circumstances the animal receiving the largest dose usually succumbs the earliest.
The tendency of the diphtheritic lesions of the intestine to confine themselves to the cmcum and colon led early to the notion that retention of the fmces was the chief agent in causing the condition. All the earlier views are summed up in Virchow's paper which appeared in I863 in which he defined his own belief that f~ecal retention is a necessary condition to the production of diphtheritic dysentery. This view now dominates in the pathology of dysentery. It will be instructive to present, in abstract, Virchow's t t argument in order that a comparison may be made of the conditions present in dysentery in man with those occurring in the experimental disease in the rabbits.
"Dysentery arises from the action of products of decomposition upon the intestinal mucosa already the seat of a superficial catarrhal inflammation. That this is true is shown most clearly by the manner of extension of the dysenteric process. The projecting points--those which come directly and remain longest in relation with the contents of the intestinal mucosa--are first and most severely affected. Rokitansky is mistaken in saying that as a rule the dysenteric process extends from the valve to the rectum, taking on in intensity from above downwards. Generally speaking those portions of the large gut of which the contents remain longest in contact with the mucosa are most severely affected. Those parts are the cmcum, the hepatic, splenic, and sigmoid flexures, and the rectum. Should the intestine present abnormal flexures then the rule holds for them, should the normal flexures be accidentally wanting then this part of the ltVirchow's Archiv, z863, v, 348. gut remains relatively free of disease. In particular it is the projections~of the mucous membrane, caused by the anatomical distribution of the muscle tissue, which are affected by preference.
Hence the especial susceptibility of:the mucosa along the insertion of the three longitudinal muscle bands, and of the transverse folds of the membrane. In that the diphtheritic process establishes itself first on the projecting and later on the intermediate mucosa, there arise those regular geographical figures which indicate the intensity and mode ot spread of the lesion. When it is considered that the diphtheritic process does not begin regularly at a definite portion of the mucous membrane, as, for example, the rectum, but that this portion is often least involved while a higher level of intestine is often intensely affected, then the presumption is difficult to set aside that the pathological process is due to some agent which, acting locally, causes the lesions.
" Rokitansky (Patholog~al Anatomy, ii, p. 265) compares with right the anatomical changes in dysentery with those which caustic acids produce; and hence the question arises whether the necrosis is due to a direct chemical change in the tissues caused by an action starting from the surface. Dysentery begins, tin= doubtedly, as is the case with every superficial inflammation of the mucous membrane, as a simple catarrh, the lesions being met with only after the diph= theritic condition has appeared. Hence it is necessary to ascertain whether the increase from catarrh to diphtheria takes place without the action of local injurions agencies. It may in general be assumed that a simple intestinal catarrh, by reason of the presence of products of decomposition, is converted at those points where decomposition is going on into a diphtheria; and these products are contained chiefly in retained fmcal masses."
In his paper on dysentery published in ~877 Virchow 12 states that diphtheria of the intestine may exist independently of dysentery and instances his findings in some cases of Asiatic cholera of diphtheritis of the intestines. What is of special interest, in this connection, is the statement that the diphtheritic process may involve the ileum, affecting partly the surface of Peyer's patches and partly the villi. "In the latter cases the mucosa was much thickened, firm, and disposed in high transverse folds, making it appear at first as if it were jejunal mucosa.
The increase in our knowledge since these writings has yielded the tangible agents of dysentery and set aside the notion of the action of the products of decomposition, unless, indeed, the toxic constituents of the dysentery bacilli be viewed as such products. Although we have secured this advantage of knowledge, no direct application of it to the pathogenesis of the lesions of dysentery has been attempted. It is clear from the descriptions of the experimenters with dysentery toxin that the intestinal lesions in rabbits agree very closely with those of human dysentery. The small intestine is found constantly, or nearly so, in a state of catarrhal inflammation, and in a percentage of animals the large gut shows diphtheritis, cedema, and hmmorrhage.
None of the previous experimenters seems to have been impressed with the finer localization of the lesions in the large gut of the rabbit. Aside from the statement that the c~ecum is the seat of predilection nothing is recorded. An analysis shows, however, that two main sets of lesions are encountered. In one the parts of the intestine chiefly affected are the transverse folds of the mucous membrane of which the tips or the entire fold may be involved. In some instances the intervening mucosa escapes, in others the pathological process appears there also, often as focalized areas, but sometimes as a more or less diffuse involvement. In the other a diffuse involvement of the c~ecum appears to have been present from the start. The former cases present many points of similarity with the appearances described in human dysentery; while for the latter cases it may be said that in the Philippine Islands one of us (Flexner)13 observed in autopsies upon American soldiers who died of dysentery, diffuse, hmmorrhagic lesions which agree essentially with the diffuse h~emorrhagic condition present in the rabbits.
The importance of this correspondence appears when it is considered that in man the noxious agent reaches the intestine directly through ingested materials, while in rabbits the poison is injected into the circulation and must reach the intestine through its blood supply. The conclusion, in the case of the rabbits, seems sufficiently obvious; the toxic material is secreted into the intestine and produces directly or indirectly pathological effects. But whether in man the noxious material acts directly or through the blood remains as before an open question.
The rabbit is not subject to infection with the dysentery • bacillus when cultures are fed the animal; and we have found that 13On the Etiology of Tropical Dysentery, Philadelphia Medical Journal, I900 , vi, 414 . injection of cultures of the baciUi directly into the duodenum is apparently without effect in this animal. As was to be expected from this result the injection into the duodenum of considerable quantities (up to io c.e.) of the autolysed toxin is also without action. The rabbit is not, therefore, subject to poisoning with the dysentery bacillus or its toxic products when they are brought at once into the gastro-intestinal canal. All other forms of inoculation--subcutaneous, intraperitoneal; intravenous--are effective. It may therefore be assumed that direct contact of the bacilli or the toxin with the mucosa of the rabbit's gut cannot lead either to absorption unchanged or act injuriously upon the membrane. Since it was possible that the poison might be altered in the small intestine and reach the caecum in an inactivated form, an experiment was carried out to ascertain whether direct contact of the toxin with the mueosa of the caecum would lead to a different result. A rabbit was starved and given magnesium sulphate per os to empty the bowel. The peritoneum was opened and ~ .o cubic centimeter of dysentery toxin diluted with ten cubic centimeters of salt solution was injected directly into the caecum and allowed to come into contact with the mucous membrane. No immediate effect was noted, and the animal showed, on being killed forty-eight hours later, no lesions of the intestine. The interpretation to be vlaced upon this experiment is clear, and all the experiments taken together would seem to indicate that the lesions of the gut present in the rabbits given the dysentery bacillus or its toxin, in such way as to bring the poisons into the blood, are caused not by direct effect upon the surface of the mucous membrane but indirectly through the act of elimination of the poison by the intestinal mucosa. In endeavoring to explain the absence of action of the toxin upon the intestine when given by mouth or injected into the lumen of the gut, tests were made on the resistance of the toxin to peptic and tryptic digestion, but no light was obtained. It was found that the toxin is destroyed by peptic digestion (artificial gastric juice) after twenty-four hours' contact, while o. 3 per cent. hydrochloric acid alone is without influence on the toxicity. On the other hand, the toxin resists tryptic digestion for eighteen hours, but after a longer contact (at the end of three days) it is destroyed. The addition of solutions of erepsin, prepared by Cohnheim's method, to the trypsin does not accelerate the effects.
The toxin is moderately heat stable. Neisser and Shiga found that a temperature of 75 ° C. reduced greatly its action; Vaillard and Dopter state that the temperature of 7 °0 to 75 ° C. maintained for one hour is without effect, while at 75 ° to 80 ° C. the toxicity is diminished and at 8~ ° C. destroyed. Rosenthal's specimen of toxin was weakened by heating to 7 °0 C. Our results agree with those of Vaillard and Dopter: the toxin studied by us was injured at 80 ° C. and destroyed at 8i ° C., those temperatures having been maintained for one hour.
It was noted in some earlier experiments by one of us (Flexner) that when rabbits are injected intravenously with the dysentery bacillus the living bacilli may be found in the bile. Notwithstanding the negative results obtained from direct injection of the bacilli and the toxin into the intestine, it was considered desirable, in view of the possibility of the intestinal lesions being eliminative in nature, to exclude not only the bacilli but also the entrance, possibly, of the toxin into the intestine with the bile. To accomplish this exclusion two methods were employed: the common bile duct was tied ; and a biliary fistula was established. After ligating the duct in two places the portion lying between the ligatures was resected.
A permanent biliary fistula was made by inserting a special cannula into the apex of the gall bladder and conducting the secretion through rubber tubing to the exterior. The common duct was always tied off. The operations were carefully conducted with all precautions and infection was readily avoided. Table III shows the somewhat surprising results of this series of experiments. While of the ten control animals five developed the characteristic lesions of the cmcum, of the eight animals in which the duct was ligated two only showed similar lesions, and of the ten animals in which a permanent fistula was established only one animal (Number i9) developed lesions of slight degree. As regards rabbit Number 35 it is safe to assume that the small hm~norrhage noted was caused by manipulation of the gut at the operation. In discussing these results it is perhaps desirable to point first to their apparent paradoxical nature. While the direct injection of dysentery toxin into the intestine is followed neither by death of the animal nor development of visible intestinal lesions, the exclusion of the toxin from the lumen of the gut by cutting off the entrance of bile tends to prevent the lesions without, at the same time, preventing the fatal action of the poison. The nervous symptoms develop in animals in which the bile duct has been tied or a biliary fistula established. It would be wrong to conclude that the toxin exercised no influence on the body merely because the intestinal lesions were absent, for in a part of the fatal eases the striking lesions of the caecum do not appear; and the less striking ones of the small bowel might well exist and be followed by recovery. The test of action is, indeed, a lethal result or the development of the nervous symptoms; for although some of the animals injected with small amounts of the toxin recover, yet none of those receiving into the circulation as large doses as may be introduced in the intestine without producing severe symptoms ever survive.
Hence one is brought to the conclusion that the poison which acts injuriously upon the intestine, through elimination, is also excreted by the bile. Indeed, it would agree best with the experimental results to conclude that of all the circulating poison at any one period a fraction only is eliminated by the intestinal wall, while the larger fraction passes out of the circulation through the liver. This larger fraction, entering the intestine with the bile, is then partially or wholly reabsorbed, only to be subjected in turn to the same series of events. According to this view the intestinal lesions are gradually developed by successive acts of excretion. It does not follow that this elimination takes place only in the caecum, and that the absorption occurs only higher up in the gut. While it seems probable that the chief absorption does occur in the small intestine, the existence of lesions in this part of the intestine may point to it as being also, although in a minor degree, concerned with excretion, while there is nothing to prove that absorption may not also take place in the large intestine. No explanation is at hand for the failure of the toxin to be absorbed when introduced in mass into the small intestine. After this relation of the poisoning to the bile secretion into the intestine became apparent, we attempted, without success, to reproduce some of the symptoms of the intoxication by mixing the toxin outside the body with rabbit bile and injecting the mixture into the small intestine.
When the bile is drained away a large part of the toxin is lost, but there still remains available, from the multiples of lethal doses injected, sufficient to cause death through the nervous injury. That the chief intestinal lesions should in these experiments be absent is not remarkable. It is surprising, however, to find that the lesions of the large gut occur more infrequently in the animals in which the bile duct is tied off than in animals not operated upon. It is true that the lesions of the small intestine have been present in some of these animals; and from this it has been concluded, first, that some excretion of the toxin occurs in the small intestine, and, second, that the liver holds back, from the blood, the accumulated toxin which it naturally would secrete into the bile. Whether the poison is merely stored in the liver or destroyed there has not been determined.
The experimental results stated, have brought us to the conclusion that dysentery toxin is both excreted by and absorbed into the blood from the intestine. In this respect the toxin is brought into conformity with certain organic (morphia) and inorganic (iron, manganese) substances which are both absorbed and excreted by the gastro-intestinal mucosa. But interesting as this fact taken by itself m a y be, our special object at present is to show, as far as possible, the extent to which this property of the toxin of being absorbed and excreted by the intestine m a y account better than the older views, emphasized by Virchow, for the development of the catarrhal and diphtheritic lesions of dysentery in human beings. The bacteriological studies of cases of dysentery in m a n examined post-mortem have shown the dysentery bacillus to be present throughout the intestinal tract. It is not limited to the large intestine, although it is, possibly, more abundant in the fibrinous exudations. All parts of the mucous membrane of the intestine can be made to yield the bacillus in culture irrespective of whether they are the seat of pathological changes or not. Since the development in any numbers of the dysentery bacillus does not take place outside the intestinal tract, it must be concluded that the toxin, which causes the lesions and symptoms of the disease, is produced in the gut. It would agree well with the experimental results related to assume that in man the absorption of the dysentery toxin takes place in the small, and possibly also in the large intestine, but that, usually, the chief elimination is by way of the large intestine; and only under unusual conditions, as in the rare cases of diphtheritis of the small intestine, to any great extent by way of the small gut. This general statement of the manner of production of dysenteric lesions, the diphtheritic ones especially, in man does not exclude the possibility that certain secondary causes contribute to determine the extent of the lesions of the large intestine, among which retained fmcal masses might play an important part.
On account of the variable action of the dysentery toxin upon the ceecum of rabbits, the need was felt of studying, by the methods employed in these experiments, more definite chemical substances which orovoke eliminative lesions of the intestine. For this purpose corrosive sublimate and ricin were chosen. The lesions of the large intestine which follow the subcutaneous injection of corrosive sublimate in rabbits have been accurately described by Heilborn ~4, and those which result from ricin injections into the circulation by Ehrlich is and Flexner ~6 Mercury colitis is such a well-known condition that no special description of it is called for, but the fact may be mentioned that the small intestine escapes injury, while the c~ecum and the first part of the colon are the seats of hmmorrhage, necrosis, diphtheritis, and ulceration. The most constant and most pronounced lesions are in the spiral folds of the cmcum. The striking lesions in ricin intoxication are general hypermmia of the the small intestine associated with an excessive secretion of serum and mucous, and swelling of and punctiform hmmorrhages into the Peyer's patches. The lymphatic glands generally become swollen and hypermmic, and numerous h~emorrhages 
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occur in the omentum, mesentery, and serosa of the gut and abdominal wall. In Table IV are given the results of injections of corrosive sublimate into three series of rabbits: (i) into a control series, (2) into a series in which the bile duct was tied and severed, and (3) into a series in which biliary fistula had been produced. Onlyin the animals with tied bile duct could any lesions be found when death took place within twenty-four hours after the first injection of the mercury. All the animals which lived two days or longer showed lesions, but in the case of the animal with a tied duct which succumbed after seven days, they were slight, while in the two animals with fistulm, one dying on the second and the other on the third day, the lesions were much less severe than in the corresponding controls. It would therefore appear that mercury, as is the case with dysentery toxin, is reabsorbed after secretion by the bile into the intestine and excreted chiefly by the caecum and colon, which portion of the gut shows the severest grade of injury. As in the case of dysentery toxin, the process of elimination is a gradual one.
In order to test this view of the reabsorption of mercury by the bile from the small intestine enterostomy was performed on two rabbits. In the first the small intestine was attached to the abdominal wound at a point about two inches above the ileocaecal valve, after which the intestine was tied off above the valve. After closing the opening in the abdominal wall the small intestine was opened. There was free outward passage of contents. Two doses of sublimate of o. oN gram each were given subcutaneously on October i7th and iSth. Rabbit dead on October i9th. Fistula opening patent; caecum showed very few small lesions at the edges of the spiral valves; no lesions of the colon. In making the opening in the intestine of the second rabbit a small cannula was employed. October 16th, operation done; October i7th and ISth each o. o2 gram sublimate injected subcutaneously. Rabbit dead October i9th. The autopsy showed that the opening of the cannula was occluded by a mass of dried intestinal contents; so that no fluid could escape. The caecum showed haemorrhages into the spiral valve with superficial necrosis, and haemorrhagic infiltration of the colon. This second experiment, through the accident of the closure of the cannula, becomes a convincing control for the first one. It may, therefore, be considered as rendered probable that the intestinal lesions in mercury poisoning are caused not necessarily by the mercury present originally in the blood, but by a process of successive elimination and reabsorption of the metal from the intestinal tract in which process the biliary secretion plays a highly important part.
In carrying out the experiments with ricin a sample made by Merck, the toxicity of which was about o. ~ milligram per kilo of rabbit, was employed. The control rabbit, weighing i42o grams, was given o. 15 milligram of ricin intravenously on January 27th. Death occurred twenty-four hours later. At autopsy the characteristic lesions inclusive of increased fluid in the pericardium and peritoneum, haemorrhages into the epicardium and omentum, swelling and haemorrhage of the superficial and deep lymphatic glands, much swelling of Peyer's patches, increase of mucoid fluid in the small intestine, and enlargement ( X 2) of the spleen existed.
In a second rabbit, weighing i47o grams, a permanent biliary fistula was made on January 26th, and immediately after the operation o.i 5 milligram of ricin was injected. Death took place the next day. The autopsy showed slight swelling of and no haemorrhage in the lymphatic glands, no excess of fluid in the pericardium and peritoneum, no haemorrhages in the epieardium or peritoneum, slight swelling of Peyer's patches, and contracted (normal) condition of the small intestine. A repetition of this experiment, using twice the dose, was made. The control and operated rabbits were given o. 3 milligram per kilo of body weight. The former succumbed after nineteen, the latter after twenty-two hours. The lesions in the first were very pronounced and of a strikingly haemorrhagic character. Considerable haemorrhage had taken place into the mucosa and contents of the caecum and appendix. In the fistulous rabbit the lesions were more marked than in the first operated animal and much less severe than in the control rabbit. While some of the peri~)heral lymphatic glands were not perceptibly enlarged, haemorrhages had taken place into others, and still others were congested. The patches of Peyer were only slightly swollen ; but a few small punctiform haemorrhages occurred in them; the lymphatic tissue of the caecum was swollen but free of haemorrhages.
The experiments with ricin leave no doubt that the pathological effect of the poison is greatly modified by permitting the bile to escape from the intestine; and while the fatal outcome is, perhaps, only delayed by the operation, the profound difference in the tissue and vascular reactions indicate that an essential part or effective quantity of the poison leaves the body with the bile. But in addition the experiments prove that resorption of riein takes place from the intestinal canal, and the lesions met with also point to an excretion by this organ.
The three sets of experiments which have been presented would seem to have important features in common. If it is permissible to apply the chief facts of them to the interpretation of the production and localization of diphtheritic dysenteric lesions in man, it may be said that these lesions are due to the action of a toxin elaborated by the dysentery bacilli present in the diseased intestine, which toxin is first absorbed, in the main probably from the small intestine, and eliminated chiefly through the large intestine, which suffers injury through the act of excretion. In offering this view of the pathogenesis of dysentery we would add that the injury upon the tissues once inflicted in the manner mentioned, other micro-organisms than the dysentery bacillus doubtless come into action and complicate and increase the pathological effects of the dysentery toxin.
A study of the histology of the lesions of experimental colitis tends to confirm the conclusion that the poison which causes degeneration, necrosis, and inflammation of the cmcum acts not first upon the surface of the mucous membrane, but upon the mucous membrane and the submucosa simultaneously. In the purely oedematous lesions the mucosa may entirely escape noticeable injury, even the surface epithelium being retained in normal appearance. It is, however, usual for the mucous membrane in these cases to show cedema also, especially of the layer next to the muscularis mucosm. The exudate in these cases is an inflammatory oedema giving rise to fibrin formation in the submucosa; no striking number of polymorphonuclear leucocytes are seen in the tissues although in the veins they may be increased. The blood-vessels are usually congested.
When h~emorrhage is associated with the cedema the mucous membrane is much more altered. The extravasation of blood takes place chiefly in the mucous membrane and usually causes disintegration of the glandular tissue. Associated with the bxemorrhage is, often, necrosis of the cellular elements of the mucous membrane, the necrosis exhibiting itself by hyaline degeneration of the glandular cells, fragmentation, etc. In the cases in which there is much disintegration and necrosis of the mucous membrane, the submucosa shows, besides oedematous swelling, an invasion of polymorphonuclcar cells, and thrombosis of lymph-vessels and of the dilated veins. There is no sharp line between this condition and the one in which the mucous membrane shows coagulative necrosis and thrombi, and the submucosa an abscess-like condition from a great accumulation of leucocytes. Whenever the submucosa is markedly necrotic it is more or less densely infiltrated with leucocytes, which show, moreover, a decided tendency to collect in two layers--one being in relation to the museularis mucos~e, the other in relation to the circular muscle. Both of these structures may be invaded with leucocytes. On the other hand, the submucosa may show so great an accumulation of leucocytes of the polymorphonuclear variety that the appearance suggests the formation of an abscess and yet the mucous membrane may be intact. The leucocytes show advanced necrotic changes, but the intercellular tissue does not undergo softening. A true abscess is, therefore, not formed.
The tendency of the pathological changes in the mucosa and submucosa to appear with greatest intensity in the spiral folds is clearly seen in the microscopical sections. The lesions diminish in intensity as the level surface of the mucosa is reached. While the entire depth of the mucosa in the full length of the fold may show eoagulative necrosis, or hmmorrhage with disintegration or cedema, as the lower margins are approached the lesions extend less in depth and become discontinuous, until at the level of the mucosa microscopical areas, chiefly superficial ones, of necrosis or hmmorrhage appear in the mucosa, and the submucous infiltration is disappearing. On the surface and within the substance of the necrotic mucous membrane a definite fibrinous and leueocytic pseudo-membrane may form. In this and in the adjacent necrotic membrane a massive bacterial development may take place.
While it is not our intention to describe the histological character of mercury colitis it is proper to state that a study of these lesions has shown us that they differ from those caused by dysentery toxin only in intensity. In localization and in character they resemble the severer type of lesions just described. SUMMARY. i. The facts described in this paper are intended to bear upon the pathogenesis of colitis in man and animals.
